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Abstract 
Objective: Mechanotransduction is the mechanism that due to reacting chondrocytes on 
biomechanical loading of body mass. Higher biomechanical loading lead to increased degen-
eration of chondrocytes, whereas moderate loading is protecting. This suggests that body fat 
regulates bone metabolism first by means of hormonal factors and second that the effects of 
muscle and loading are signaling factors in mechanotransduction. Leptin, a peptide hormone 
produced predominantly by white fat cells, is one of these hormonal factors. The aim of this 
study was to investigate and measure the different effects of weight-bearing on trabecular 
bone formation in mice without the stimulation of leptin and with or without osteoarthritis. 
Materials and methods: 40 C57BL/ 6J ob/ob-mice in the age of 20 weeks have been devided 
into two groups with an ad-libitum-diet and with reduced diet. The hip- and knee-joints have 
been examinated in micro-CT-scan and histomorphologically. Results: Animals with an 
ad-libitum-diet were found to increase body weight significantly at the age of six weeks in 
comparison with lean mice. At the age of twenty weeks the obese mice were almost twice 
as heavy as the lean mice. Significant statistical differences are shown between the two 
groups for body weight and bone mineral density. Examination of trabecular bone in mi-
cro-CT revealed that the only statistically significant difference between the two groups was 
the trabecular number for the proximal femur. High weight-bearing insignificantly improved 
all trabecular bone parameters in the obese mice. Correlation was found between trabecular 
number and bone mineral density on the one hand and body weight on the other hand. The 
correlation between body weight and osteoarthritis shows a significant increase in grade of 
osteoarthritis as body weight increases in hip-joint and knee-joint but not in osteoarthri-
tis-positive (OP) versus osteoarthritis-negative (ON) mices. The correlation of the hip-joint 
between micro-CT data and body weight shows an increase in these data as body weight 
increases in OP mices. The correlation of the hip-joint between micro-CT data and os-
teoarthritis shows a decrease in these data as osteoarthritis increases in OP mices. The 
correlation of the knee-joint between micro-CT data and body weight shows differencies 
between ON and OP mices. The correlation of the knee-joint between micro-CT data and 
osteoarthritis shows an increase in these data as osteoarthritis increases in OP mices. Con-
clusion: biomechanical loading led to decreased bone mineral density by a decrease in the 
number of trabeculae. Trabecular thickness was not increased by biomechanical loading in 
growing mice. Decreased body weight in leptin-deficient mice protects against bone loss. 
This finding is consistent with the principle of light-weight construction of bone. Differences 
in osteoarthritis-positive and osteoarthritis-negative mices show the eventual importance of 
diet in leptin-deficience. It is not possible to conclude that these results also apply to human 
beings. 
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Introduction 
Mechanotransduction is the mechanism which 
causes chondrocytes to react to the biomechanical 
loading of body mass [1]. Higher biomechanical 
loading leads to increased degeneration of chondro-
cytes, whereas moderate loading protects these cells 
[2]. It is known that obesity promotes osteoarthritis 
[ 3 ] .  L o e s e r  e t  a l .  s h o w e d  t h a t  o s t e o a r t h r i t i s  i n  t h e  
non-weight bearing bone of the distal radius was 
correlated with obesity [4]. This suggests that body fat 
regulates chondrocyte metabolism by means of hor-
monal factors, and that the effects of muscle and 
loading are signaling factors in mechanotransduction 
[5, 6]. Leptin, a peptide hormone produced predomi-
nantly by white fat cells, is one of these hormonal 
factors [7-12]. Recent data suggest that leptin may 
regulate a variety of other physiological processes, 
such as insulin action [13], hematopoiesis [14], im-
mune function [2], reproduction [15] and angiogene-
sis [16]. Leptin inhibits appetite; consequently, mice 
with deficiency of leptin (ob/ob) or its receptor 
(db/db) are obese [8]. Takeda et al. and Karsenty et al. 
described the leptin-dependent central control of bone 
remodeling via the sympathetic nervous system [12, 
17-19]. In a few recent reports the animal model was a 
useful surrogate to investigate the mechanism of 
leptin. Both leptin and its receptors were found in 
murine fetal cartilage and bone template, as well as in 
the growth plate [20]. In addition, leptin increased 
both proliferation and differentiation of the chon-
drocyte population of skeletal growth centers in organ 
cultures [21, 22]. Figenschau et al. showed a decreased 
leptin-dependent proliferation of chondrocytes [23]. 
Decreased leptin levels were measured in synovial 
fluid from subjects with osteoarthritis, which shows a 
higher chondrocyte activity [24]. MacDougald et al. 
suggested that leptin regulates the humoral and cel-
lular immune response. Leptin receptors were found 
on CD (cluster of differentiation) -4 and CD-8 cells 
[25]. Ob/ob-mice are more likely to have osteoarthri-
tis without synovitis. Busso et al. suggested that the 
absence of leptin is a risk factor for osteoarthritis [26]. 
In obese individuals the serum leptin levels are high. 
Some investigators have suggested a diabetes-like 
mechanism of insulin resistance which increases the 
effect of leptin [27, 28]. A malfunction of the 
blood-brain-barrier [29, 30], a defect in the receptors 
for transportation in the brain [31] and a blockade of 
SOCS-3 (suppressors of the cytokine signaling fam-
ily), a potential inhibitor of leptin [32] may be reasons 
for resistance to leptin in obese people. Simha et al. 
concluded that the effect of leptin on bone metabolism 
may depend on the stage of life in humans [33]. 
While previous studies have shown that bone 
parameters improved with weight-bearing exercise in 
normal subjects, we were interested in the 
co-influence of biomechanical loading on body weight 
and bone metabolism in subjects with leptin defi-
ciency. There is so far no agreement regarding the 
positive effect of leptin in the early stages of life.  
The ability of three-dimensional mi-
cro-computed tomography to detect changes in a rat 
model was evaluated and compared with dual x-ray 
absorptiometry for bone mass, and bone histomor-
phometry for bone mass [34-40]. In our own studies 
we were able to demonstrate differences in trabecular 
bone [41, 42] and the histomorphological progress of 
osteoarthritis in ob/ob-mice [43].  
The aim of this study was to investigate the dif-
ferent effects of weight-bearing on trabecular bone 
formation in mice without the stimulation of leptin 
and with or without osteoarthritis. The hip- and 
knee-joints have been examinated in micro-CT-scan 
and histomorphologically.  
Materials and Methods   
Animals 
Leptin increase after a maximum of food intake 
in wildtyp mice. C57BL/ 6J ob/ob-mice with an 
autosomal recessive mutation on chromosome 6 
shows no increasing of Leptin-serum level. After re-
ducing the food intake the ob/ob-mice presented a 
higher bone mass with enlarged diaphyseal and ver-
tebral bone, increased number and thicker trabecular 
than the compared group of wild-type mice. Ducy et 
al. described an increasing rate of bone sprotting and 
number of osteoclasts in age of 3-6 month [44]. 
Technical specifications, tomographic image, 
reconstruction and cancellous bone assessment by 
micro-CT was described in Heep et al., International 
Journal of Biological Science, 2008 [41]. 
Retrieval of histological specimens 
After the preparation of the pelvis and limbs we 
divided the pelvis in the sagittal direction. We used 
“Schaffer`s solution” (1440 ml methanol, 750 ml for-
malin 40% neutral und 60 ml buffer (9.6g Na2HPO4 + 
2H2O; 1.74g KH2PO4; 30.8g glucose; ad 1l aqua dest.)) 
for conservation. 
The joints were decalcified using 10% formic 
acid (for automatically investment compound) (Fa. 
Medite TPC-15, Fa. Pathotec PRO EMCI). The samples 
were cut into slices of 2 μm thickness for hematoxy-
lin-eosin and Elastica van Gieson staining. We ana-
lysed the differences according to Otte’s method Int. J. Biol. Sci. 2009, 5 
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(1969, Figure 1)[45]. 
 
 
Figure 1: Grade of Osteoarthritis accord-
ing to Otte`s method (1969) 
 
 
 
Statistical analysis 
The data were analyzed and as-
sessed using SPSS software (version 15.0; SPSS Insti-
tute Inc, Chicago, USA). Descriptive statistics of all 
variables were determined including the mean and 
standard deviation of each group. The difference of all 
parameters between the two groups was assessed 
using the Student's t-Test because all parameters were 
normally distributed (which was tested using the 
Kolmogorov Smirnov test). Pearson's correlation co-
efficient was used to assess the relationship between 
all the trabecular bone parameters of the femur and 
tibia. A value of p ≤0.05 was considered to be statisti-
cally significant.   
Results 
No death or health deterioration occurred dur-
ing this study. The body weight at each time point in 
the two groups is shown in Figure 2.  
 
 
 
Fig. 2: The curves show the change in body weight in the 
two groups. In Group A the animals had an ad libitum diet 
and reached a body weight of over 50 grams after 20 weeks, 
the animals in Group B had a controlled diet and reached a 
body weight of over 35 grams after 20 weeks. Inter-group 
difference was already significant at the age of six weeks (p
＜0.05).  
Animals with an ad libitum diet (Group A) were 
found to increase body weight significantly at the age 
of six weeks in comparison with the lean mice (Group 
B). From this time on, the difference increased con-
stantly. At the age of twenty weeks the obese mice 
were almost twice as heavy as the lean mice. 
Statistically significant differences in body 
weight and bone mineral density between the two 
groups are shown in Table 1.  
 
 
Table 1: Statistically significant differences between the 
ad-libitum-diet Group A and controlled-diet Group B for 
bone mineral density (BMD) and body weight (p < 0.05) at 
the age of 20 weeks. 
   BMD  Weight (grams) 
Group     mean  SD   mean   SD 
Group A (n=20) 
(ad libitum diet) 
 
 
2.57 0.147  52.53 6.36 
Group B (n=20) 
(controlled diet) 
 
 
2.68 0.138  35.65 3.50 
P value    0.022  < 0.001 
 
 
The mean value for osteoarthritis in the hip joint 
was 0.9° in the ad-libitum-diet Group A and 0.1° in 
the controlled-diet Group B. Inter-group difference 
was already significant (p < 0.05). No osteoarthritis 
was seen in the knee joints of the controlled-diet 
Group B, whereas in the ad-libitum-diet Group A 75% 
of the mice had osteoarthritis in the knee, and of these, 
25% had an osteoarthritis value of 2°. The inter-group 
difference was already significant (p < 0.05). Os-
teoarthritis in the knee was greater (mean = 1.6°) than 
in the hip (mean = 0.9°) (p < 0.05, Figure 3). 
Correlation was found between body weight and 
the grade of osteoarthritis in the hip joint (measured 
by histology) in the total population. Otherwise, no 
correlation was found between body weight and the 
grade of osteoarthritis in the hips (measured by his-
tology) of the osteoarthritis-positive mice versus the 
osteoarthritis-negative mice. The knee showed similar 
results (Figure 4, Table 2). Int. J. Biol. Sci. 2009, 5 
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Figure 3: The distribution of osteoarthritis shows a significant decrease for a higher grade in the ad-libitum-diet Group A 
for the knee compared to the hip (mean = 1.6 to mean = 0.9) (p < 0.05). 
 
 
Figure 4: The correlation between body weight and osteoarthritis shows a significant increase in the grade of osteoarthritis 
as body weight increased in both the hip (p < 0.002) and knee joint (p < 0.001) (superior line) but not in the osteoarthri-
tis-positive versus the osteoarthritis-negative mice (hip: p = 0.931, knee: p = 0.637) (inferior line). Int. J. Biol. Sci. 2009, 5 
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No correlation was found between bone mineral 
density (BMD, measured by micro-CT) and the grade 
of osteoarthritis in the hip and knee joints. Equally, no 
correlation was found between the osteoarthri-
tis-positive mice and the osteoarthritis-negative mice 
(Table 2). 
Table 2: Correlation was found between body weight and 
the grade of osteoarthritis in the hip and knee joint in the 
total population. Otherwise, no correlation was found 
between body weight and the grade of osteoarthritis of the 
osteoarthritis-positive mice versus the osteoarthri-
tis-negative mice. The BMD showed no correlation. 
  total population 
(grade of OA) 
OA-positive vs. 
OA-negative 
(grade of OA) 
n 33  14 
r 0.52  -0.026 
r2 0.218   
hip 
p 0.002  0.931 
n 34  13 
r 0.601  0.127 
r2 0,326   
body weight 
knee 
p <  0.001  0.679 
n 36  16 
r -0.211  0.161 
r2 0.039   
hip 
p 0.216  0.552 
n 37  15 
r -0.177  -0.153 
r2 0.043   
BMD 
knee 
p 0.295  0.586 
 
 
Examination of trabecular bone (BV/TV), tra-
becular number (Tb.N.) and trabecular thickness 
(Tb.Th.)) revealed that the only statistically significant 
difference between the two groups was the trabecular 
number (Tb.N.) for the hip. High weight-bearing in-
significantly improved all trabecular bone parameters 
in the obese mice. Compared with the controlled-diet 
Group B, the BV/TV and trabecular number (Tb.N.) 
were slightly higher in the ad-libitum-diet Group A, 
but not the trabecular thickness (Tb.Th.) of the knee 
(Table 3).   
 
Detailed analysis of the hip 
The total population showed no correlation be-
tween body weight and the BV/TV (measured by 
micro-CT). Otherwise, the osteoarthritis-positive mice 
showed a significant increase in BV/TV as their body 
weight increased. The osteoarthritis-negative mice 
showed no increase in BV/TV. Correlation between 
body weight and Tb.N. showed a significant decrease 
in trabecular number as body weight increased. The 
osteoarthritis-positive mice showed an insignificant 
increase in the Tb.N. even if their body weight in-
creased. Otherwise, the osteoarthritis-negative mice 
had a reduced Tb.N.. Correlation between body 
weight and Tb.Th. showed a significant increase in 
trabecular thickness as body weight increased. The 
osteoarthritis-positive mice showed a significant fur-
ther increase in Tb.Th. even if their body weight in-
creased. Otherwise the osteoarthritis-negative mice 
showed an insignificant slight increase in Tb.Th. (Ta-
ble 4).  
 
 
Table 3: Cross-section structural geometric properties of the femur and tibia were evaluated using micro-CT. Note: 
Summary of morphometric characteristics in the two groups which were different in body weight-bearing. 
*A statistically 
significant difference was detected between the two groups only in the trabecular number (Tb.N.) of the femur (p < 0.05) at 
the age of 20 weeks. 
Position Group     
 
BV/TV  (%)   SD  Tb.Th  (mm)   SD  Tb.N  (1/mm)    SD 
hip Group  A  (n=20) 
(ad libitum diet) 
 
 
60.66 6.13  0.094  0.0069  6.42 0.45 
  Group B (n=20) 
(controlled diet) 
 
 
62.76 6.5  0.093  0.0075  6.76 0.55 
 P  value    0.347  0.412  0.038* 
                
knee Group  A  (n=20) 
(ad libitum diet) 
 
 
52.75 3.94  0.094  0.0063  5.63 0.34 
  Group B (n=20) 
(controlled diet) 
 
 
54.64 7.48  0.093  0.0084  5.90 0.52 
 P  value    0.325  0.561  0.058 
 Int. J. Biol. Sci. 2009, 5 
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Table 4: The table shows the correlation between body weight and Micro-CT data for the hip and knee (see in text above). 
       total  population  OA-positive  OA-negative 
n 37  16  21 
r -0.054  0.636  -  0.190 
r2 0.003  0.404  0.036 
hip 
p 0.752  0.015  0.437 
n 37  15  22 
r -0.093  -0.213  0.202 
r2 0.009  0.041  0.045 
BV/TV 
knee 
p 0.583  0.507  0.354 
n 37  16  21 
r  - 0.426  0.176  - 0.342 
r2 0.182  0.031  0.117 
hip 
p 0.009  0.547  0.152 
n 37  15  22 
r -0.360  -0.055  -0.493 
r2 0.130  0.003  0.243 
Tb.N 
knee 
p 0.028  0.858  0.023 
n 37  16  21 
r 0.397  0.785  0.140 
r2 0.158  0.617  0.02 
hip 
p 0.015  0.001  0.568 
n 37  22  15 
r 0.247  0.171  0.330 
r2 0.061  0.029  0.109 
body weight 
Tb.Th 
knee 
p 0.140  0.460  0.270 
 
 
 
 
 
 
Figure 5: The correlation for the hip joint between relative bone volume (BV/TV), trabecular number (Tb.N.), trabecular 
thickness (Tb.Th.) and body weight shows an increase in BV/TV, Tb.N. and Tb.Th. as body weight increased in the os-
teoarthritis-positive mice and only in Tb.Th in the osteoarthritis-negative mice. The correlation shows a decrease in BV/TV 
and Tb.N as body weight increased in osteoarthritis-negative mice. This finding is consistent with the principle of light-weight 
construction of bone in osteoarthritis-negative mice. 
 Int. J. Biol. Sci. 2009, 5 
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The total population showed a significant corre-
lation between the osteoarthritis-positive mice and the 
BV/TV  (N = 36;  r = - 0.381;  P = 0.022).  The  os-
teoarthritis-positive mice showed a significant de-
crease in BV/TV as osteoarthritis increased (N = 16; 
R  =  -0.352; P  =  0.181). The correlation between os-
teoarthritis and Tb.N. showed a significant decrease 
in the trabecular number as osteoarthritis increased 
(N = 36;  R = -0.495;  P = 0.002).  The  osteoarthri-
tis-positive mice showed an insignificant decrease in 
Tb.N. even if their osteoarthritis  increased  (N = 36; 
R = - 0.452; P = 0.079). A significant change in trabe-
cular thickness was not found (total population: 
N = 36;  R = -0.040;  P = 0.818,  osteoarthritis-positive: 
N = 16; R = -0.047; P = 0.862). 
Detailed analysis of the knee 
The total population showed no correlation be-
tween body weight and the BV/TV. The osteoarthri-
tis-positive mice showed an insignificant slight in-
crease in BV/TV as body weight increased. The os-
teoarthritis-negative mice showed an insignificant 
decrease in BV/TV. Correlation between body weight 
and Tb.N. showed a significant decrease in the tra-
becular number as body weight increased. The os-
teoarthritis-positive mice showed an insignificant 
increase in Tb.N. even if their body weight increased. 
Otherwise the osteoarthritis-negative mice had a sig-
nificantly reduced Tb.N.. Correlation between body 
weight and Tb.Th. showed an insignificant increase in 
trabecular thickness as body weight increased. The 
osteoarthritis-positive and osteoarthritis-negative 
mice showed an insignificant increase in Tb.Th. (Table 
4).  
The total population showed an insignificant 
correlation between the osteoarthritis-positive mice 
and the BV/TV (N  =  37; R  =  -0.088; P  =  0.605). The 
osteoarthritis-positive mice showed an insignificant 
increase in BV/TV as osteoarthritis increased (N = 37; 
R = 0.420;  R² = 0.305;  P = 0.119).  The  correlation  be-
tween osteoarthritis and Tb.N. showed an insignifi-
cant increase in the trabecular number as osteoarthri-
tis  increased  (N = 37;  R = -0.181;  P = 0.284).  The  os-
teoarthritis-positive mice showed a significant in-
crease in Tb.N. even if osteoarthritis increased 
(N = 15; R = 0.564; P =0.029). A significant change in 
trabecular thickness was not found (total population: 
N = 37;  R = 0.086;  P = 0.611,  osteoarthritis-positive: 
N = 15; R = 0.009; P = 0.974). 
 
 
 
 
 
Figure 6: The correlation for the hip joint between relative bone volume (BV/TV), trabecular number (Tb.N.), trabecular 
thickness (Tb.Th.) and osteoarthritis shows a decrease in BV/TV, Tb.N. and Tb.Th. as osteoarthritis increased in the os-
teoarthritis-positive mice. This finding shows a disturbed implementation with the principle of light-weight construction of 
bone. 
 Int. J. Biol. Sci. 2009, 5 
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Figure 7: The correlation for the knee joint between relative bone volume (BV/TV), trabecular number (Tb.N.), trabecular 
thickness (Tb.Th.) and body weight shows an increase in BV/TV (P = 0.354) and Tb.N. (P = 0.023) as body weight increased 
in the osteoarthritis-negative mice. This finding is consistent with the principle of light-weight construction of bone in 
osteoarthritis-negative mice. 
 
 
 
 
 
Figure 8: The correlation for the knee joint between relative bone volume (BV/TV), trabecular number (Tb.N.), trabecular 
thickness (Tb.Th.) and osteoarthritis shows an increase in BV/TV (P = 0.119), Tb.N. (P = 0.029) and Tb.Th. (P = 0.974) as 
osteoarthritis increased in the osteoarthritis-positive mice. This finding shows a disturbed implementation with the principle 
of light-weight construction of bone. 
 Int. J. Biol. Sci. 2009, 5 
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Discussion 
In our study biomechanical loading led to a de-
crease in bone mineral disease and the trabecular 
number in leptin-deficient mice. A great deal of re-
search has confirmed that increased biomechanical 
loading due to increased body weight contributes to 
the increased bone dimensions and mass observed not 
only in our animal model but also in obese humans. 
At the same time, the increased biomechanical load-
ing due to increased body weight contributed to an 
increased bone mass as a co-influence. Increased bone 
mineral density in childhood obesity was therefore 
revealed both in the weight-bearing limbs and the 
unloaded arms [46]. Ealy et al. showed reduced bone 
mineral density in the extremities of young 
leptin-deficient mice [47]. A quantitative computer 
tomography (qCT) study of healthy children sug-
gested that weight-bearing and mechanical stresses 
are important determinants of cortical bone mass, 
whereas the bone mineral density of trabecular bone 
is influenced by hormonal factors associated with 
sexual development [48]. Because of its high cancel-
lous bone compound the tibial proximal metaphysis is 
used to explain the effects of disuse, ovariectomy and 
hormones [36, 49, 50]. But the mice in our study were 
no more than twenty weeks old (in the pubertal stage) 
and without ovariectomy. Thus, oestrogen due to 
adipocytes is not a very likely confounding factor in 
our study. 
The study by Takeda et al. demonstrated a 
leptin-dependent neuronal regulation of bone forma-
tion with potential therapeutic implications for os-
teoporosis [18]. In our study, however, there were 
only insignificant differences in trabecular bone mass 
in the ad-libitum-diet, leptin-deficient obese mice and 
the controlled-diet, leptin-deficient mice. In other 
words, it seemed that increased biomechanical load-
ing due to increased body weight did not contribute 
to increased bone dimensions in the leptin-deficient 
subjects. In contrast, Hamrick et al. showed that the 
endocortical mineralizing surface, serum leptin, body 
weight, and percentage of body fat in C57BL/6 mice 
all increased between the age of six and twelve 
months as the activity level of the mice declined [11]. 
In the literature, studies differentiate between cortical 
and trabecular bone. Increased loading of long bones 
produces the greatest mechanical stress on the subpe-
riosteal surface and stimulates bone formation by 
subperiosteal expansion [51]. A study of bone bio-
mechanics in adult rats with diet-induced obesity 
showed significantly greater bone strength in the 
obese rats than in the controls [52]. Tromp et al. sug-
gested that the effect of mechanical loading in the 
rat-with-backpack model mainly occurs at cortical 
bone sites and not in trabecular metaphyseal bone 
[53]. Hamrick et al. showed that the endocortical 
mineralizing surface, serum leptin, body weight, and 
percentage of body fat in C57BL/6 mice all increased 
between the age of six and twelve months as the ac-
tivity level of the mice declined [11]. In summary, 
biomechanical loading led to decreased bone mineral 
density due to a decrease in the number of trabeculae. 
Trabecular thickness was not increased by biome-
chanical loading in growing mice. Decreased body 
weight in leptin-deficient mice protects against bone 
loss. This finding is consistent with the principle of 
light-weight construction of bone. 
In a second step we examined the mice with and 
without osteoarthritis. The osteoarthritis-negative 
mice showed an insignificant decrease in the trabe-
cular number. The osteoarthritis-positive mice had a 
higher bone volume if they had a higher body weight 
and a significantly higher increase in trabecular 
thickness. This was not seen in the osteoarthri-
tis-negative mice. So far there has been no investiga-
tion by micro-CT of the subchondral bone of 
leptin-deficient mice. Boyd et al. described a decrease 
in bone volume in dogs with osteoarthritis after re-
section of the cruciate ligaments [54]. However, this 
loss of bone volume was observed after 54 weeks [53]. 
In our study we did not observe that osteoarthritis 
had an influence on thickness. There is a great differ-
ence between posttraumatic osteoarthritis and our 
model which had only a short observation period. In a 
study with human subjects Fazzalari et al. showed an 
increase in the trabecular number in the zone of os-
teoarthritis but described no correlation between os-
teoarthritis and trabecular thickness [55]. This was 
shown in a study on osteoarthritis by Chappard et al.. 
They also showed an increase in the relative volume 
of bone. We were able to demonstrate an insignificant 
increase in the knee, but not in the hip. In our data the 
thickness of trabecular bone seems to be more influ-
enced by body weight than by osteoarthritis. Dumond 
et al. reported a leptin increase in tissue with os-
teoarthritis consecutive as a result of an increase in 
growth factors [56]. However, in our study we fo-
cused on leptin-deficient mice, therefore leptin cannot 
act as a stimulus. 
Hamrick and Ferrari hypothesized that leptin is 
the most regulative connection between body weight 
and bone metabolism [9]. Our study showed that 
there must be further factors which play a role in bone 
metabolism, because osteoarthritis-negative mice 
showed an insignificant decrease in trabecular num-
ber. This finding is also consistent with the principle 
of light-weight construction of bone. In osteoarthri-Int. J. Biol. Sci. 2009, 5 
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tis-positive mice subchondral bone did not adapt due 
to increased body weight. Furthermore, it is unclear 
why the results for the hip and knee were different.  
In summary, biomechanical loading led to de-
creased bone mineral density by a decrease in the 
number of trabeculae. Trabecular thickness was not 
increased by biomechanical loading in growing mice. 
Decreased body weight in leptin-deficient mice 
without osteoarthritis protects against bone loss. This 
finding is consistent with the principle of light-weight 
construction of bone. Differences between the os-
teoarthritis-positive and osteoarthritis-negative mice 
show the potential importance of diet in 
leptin-deficiency. It is not possible to conclude that 
these results also apply to human being. The aim of 
the following studies should be to differentiate the 
leptin deficiency mice and wildtype-mice. 
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